Background: Favorable surgical results had been reported in cervical posterior foraminotomy using endoscopy; however, the learning curve for the surgeon is steep. We therefore developed a procedure that can be performed more easily and with small incision, called "Mini Open Foraminotomy (MOF)", using a tubular retractor (22mm diameter) under direct vision. The purpose of this study was to demonstrate the surgical procedure about MOF for cervical radiculopathy and assess a postoperative result of MOF.
INTRODUCTION
Various anterior and posterior operative approaches for the treatment of cervical radiculopathy have been reported [1] [2] [3] [4] [5] . Frykholm [6] and Scoville [7] described posterior foraminotomy through partial resection of the medial part of facet joint to relieve the compression of the cervical nerve root in radiculopathy patients. Conventional posterior approaches have the disadvantage of the detaching the extensor cervical muscles from the laminae and the spinous process [8, 9] . This operative trauma to the cervical paraspinal muscles is a major cause of postoperative complications that may be in the form of persistent neck and shoulder pain, and sometimes spinal instability may be the end result [10] [11] [12] .
In contrast, favorable surgical results had been reported in cervical posterior foraminotomy using endoscopy by Adamson [13] and Fessler et al. [14] or using operating microscope by Boehm et al. [15] . This procedure, which employs blunt retraction of paravertebral muscle through a small incision, can be performed with less postoperative adverse reactions such as neck pain and shoulder stiffness: however, the *Address correspondence to this author at the Department of Orthopaedic Surgery, Shinshu University, School of Medicine, 3-1-1 Asahi, Matsumotocity, Nagano, 390-8621, Japan; Tel: 81-263-37-2659; Fax: 81-263-35-8844; E-mail: jtaka@shinshu-u.ac.jp learning curve for the surgeon is steep. We therefore developed a procedure that can be performed more easily and with small incision, called "mini open foraminotomy (MOF)", consisting of blunt retraction of paravertebral muscle and insertion of a tubular retractor (22mm) under direct vision. The purpose of this study was to demonstrate the surgical procedure about MOF for cervical radiculopathy and assess a postoperative result of MOF. All patients underwent diagnostic imaging of the cervical spine via a combination of plain static/dynamic x-ray, MRI, CT, myelography, CTM, and selective nerve root blocks. Eight of the cases were performed on the right side and 11 on the left. Operated diseases comprised 12 cases of spondylotic foraminal stenosis and seven cases of disc herniation. Spinal levels included C3/4 (n=1), C4/5 (n=2), C5/6 (n=6), C6/7 (n=9), and C7/T1 (n=1). Surgery was indicated for cases that satisfied two conditions: confirmation of foraminal stenosis by imaging and observation of corresponding neurological findings; and temporary relief from radicular pain that had remained refractory after 3 months of conservative therapy. The evaluated parameters were: surgical time; blood loss; Creatine phosphokinase(CPK) and C-reactive protein (CRP) values before surgery and 1 day after surgery; number of days with fever ( 37°C) after surgery; Modified version of the Oswestry Index, called NDI [16] , Visual Analog Scale (VAS) of neck pain, of radicular pain before surgery, and at the final follow up. Furthermore, percent of facetectomy was measured using postoperative computer tomography.
MATERIALS AND METHODS

Nineteen
Statistical analysis was performed with Student t-test using Stat View (SAS Institute, Cary, NC) as software. Mean and SD were calculated and statistical significance was set at a p-value less than 0.05.
Surgical Technique
After the induction of general endotracheal anesthesia, the patients were positioned prone on a four-poster frame. The neck was mildly flexed and head fixated in a three-point Mayfield headrest. A fluoroscopic C-arm was then brought into the surgical field so that real-time lateral fluoroscopic images could be obtained. Following confirmation of spinal level by fluoroscopic C-arm lateralview, a 3-cm skin incision was made about 1.5 cm lateral to the center (Fig. 1) . The fascia was then incised by electrocautery, paravertebral muscle was retracted with dilater, finger and/or cobb elevator, and a METRx large tube (22mm diameter, Medtronic Sofamor Danek; Memphis, TN) was inserted. Real-time lateral radiographic images were obtained as often as needed to ensure a proper working trajectory throughout this process (Fig. 2) . The working channel (tubular retractor) was then attached to a flexible retractor affixed to the operating table side rail and locked in position at the junction of the lamina and lateral mass. A METRx Radiance Illumination Guide (Medtronic Sofamor Danek; Memphis, TN) was then attached to the tubular retractor, and surgery was performed under direct vision (Fig. 3) Standard spinal surgery devices are employed, as the height of the tubular retractor was low. Fig. (1) . Skin incision was about 3 cm. The procedure is designed to deroof the neural foramen, with no attempt being made to remove any anterior osteophytes or hard disc. Lower margin and inferior facet of upper lamina and superior facet of lower cervical vertebrae were removed with a high-speed drill and Kerrison punch (1 or 2 mm) to perform decompression of nerve root under direct vision. Approximately 2/5 to 1/2 of the medial facet joint was removed, leaving at least 50% in place, not to create instability by removing the facets [12] . Generally, circular bone removal (approximately 1 cm diameter) was conducted (Fig. 4) . Sufficient root decompression was carefully proved by a small nerve hook, with which the sufficiency of decompression could be checked in the entire foramen. Bleeding from this epidural vein could generally be controlled by bipolar coagulation or by gentle pressure on cottonoid. Suction drain was then placed and skin was fixed with Steri-Strip TM . No neck collar was used after surgery, and patients were allowed to walk from the day after surgery. Surgical wound is small and less visible (Fig. 5) . 
DISCUSSION
Our results showed that MOF was a less invasive, easier and safe procedure, moreover effective surgical option for the management of cervical radiculopathy. Parameters related to surgical invasion in our procedure were mean surgical time of 78.2 min and blood loss of 49.7g, showing marked reduction in surgical time and blood loss compared to open foraminotomy reported by Fessler et al. [14] in which these parameters were 171 min. and 246g, respectively. On the other hand, the mean surgical time of endoscopic foraminotomy was reported 28-184 minutes and the mean blood loss volume of that was reported no measurable blood loss to 138 ml [14, 17, 18] . I think that the surgical invasion of MOF is almost equal compare to endoscopic foraminotomy.
Williams reported that operative time could be estimated as one hour for a single level foraminotomy and blood loss rarely exceeded 100cc [19] . Although we could not find the data; e.g. CRP and CPK, it is reasonable to suppose that MOF without muscle dissection may be a less invasive than conventional microscopic foraminotomy. Besides, according to a report by Takahashi et al. [20] , mean CRP value 1 day after spinal surgery which only decompression without instrumentation was conducted was 1.21 ±1.26 mg/dl (mean ± SD) (range: 0~3.26), while that of MOF was 0.41±0.46 mg/dl (0.05~1.98), showing significant reduction (p<0.05) by MOF surgery. Furthermore, the number of days with fever ( 37°C) was 3.6±2.3 (0~11 days) and 1.5±1.3 days (0~4 days), respectively (p<0.01). These findings suggest that MOF is less invasion foraminotomy.
General indication of posterior foraminotomy is a radiculopathy that is refractory to conservative therapy, with dominant posterior compression confirmed by selective nerve root blocks. MOF was also performed in seven cases of cervical disc herniation, however, and these subjects were treated by foraminotomy without herniotomy, showing good surgical results. In these surgeries, spontaneous reduction of hernia was observed by postoperative MRI, consistent with a report by Maigne et al. [21] that indicated spontaneous reduction of cervical disc herniation as well as lumbar disc herniation. Posterior herniotomy was additionally performed after foraminotomy in reports of Adamson [13] and Fessler et al. [14] , but this might be unnecessary considering the risks of epidural plexus bleeding or nerve root damage.
Zdeblick et al. performed successive 25%, 50%, 75%, and 100% facetectomy in an vitro model to evaluate the impact of progressive facet resection on instability; significant segmental hypermobility occurred with greater than 50% facer resection [12] . In all our cases, maximum % of facetectomy was 50% (mean: 45.5±2.5%). Spinal instability was not encountered in our patients.
To our knowledge, this is the first report of posterior foraminotomy using tubular retractor under direct vision. Advantages of MOF include small incision, less invasion, potentially less postoperative axial pain compared to anterior decompression and fusion or conventional open or microscopic posterior foraminotomy, absence of necessity of external support, and little possibility of adjacent-level disorder. Mean VAS of neck pain showed significant improvement at the final follow up compared with that before sur-gery. Consequently, this technique that minimizes trauma to the posterior paraspinal muscles of the neck offers many advantages and a better functional outcome. Additionally, this procedure requires less experience compared to endoscopic surgery, because it is performed under direct vision. Although it is difficult to perform operation using the common tubular retractor (16mm or 18mm diameter), I strongly believe that this technique is easier using this 22mm tubular retractor under direct vision.
In summary, mini open foraminotomy is easier and safe procedure compared with microscopic and endoscopic foraminotomy. Moreover, this technique is a less invasive and effective surgical option for the management of nerve root compression secondary to posterolateral disc herniation or foraminal spondylotic stenosis.
